The advent of the large effective apertures of the Keck telescopes has resulted in the determination with unprecedented accuracy ofthe mass functions and mass ratios offaint (R 21 mag) X-ray transients (GS 2000+25, GRO J0422+32, Nova Oph 1977, Nova Vel 1993 as well as constraining the main-sequence companion star parameters and producing images of the accretion disks around the black holes.
INTRODUCTION
Zel'dovich and Novikov (1966) were the first to propose the technique which is still in use for "weighing" black holes. They suggested that black holes could be detected indirectly from light emitted through the interaction with a donor star in an X-ray binary system. The motion of the donor star around the black hole would produce a radial velocity sinusoidal curve which could be detected from the Doppler shifts of the photospheric absorption lines of the donor star. The semi-amplitude (K) of the curve together with the binary period (P) determine the mass function of the black hole (a lower limit to its mass), using Kepler's third law: f = PK3/(2irG). Indeed, X-ray binaries were found in the late 1960s and the first black-hole candidate, Cyg X-1, in 1971 (Oda et al. 1971) . Efforts in measuring the mass of the candidate black hole, Cyg X-1, were affected by uncertainties in the evolution of the massive donor star, and with a low mass function (f = 0.22 0.01 M® ; Bolton 1975) this was not regarded as unequivocal evidence for a black hole (see Herrero et al. 1995 for the most recent work).
HUNTING FOR BLACK HOLES IN X-RAY NOVAE
The observational effort was then turned to observations of X-ray novae (XRNs, a sub-group of low-mass X-ray binaries) in the 1980s. Unlike classical novae, XRNs are accretion-driven events that show disk outbursts with a typical rise of 8-10 mag in a few days and a subsequent decline over several months. After the XRN has subsided into quiescence, the accretion disk does not dominate the observed flux, rendering the companion star visible. The low-mass companion star allows the mass function of the black hole, a good approximation of the mass in a highinclination system, to be determined. In the last 8 years, X-ray satellites have found 6 XRNs with identified stars in the optical (Nova Muscae 1991, Cheng et al. 1992 Bailyn et al. 1995; Nova Vel 1993 ; GRO J1719-24, e.g., Ballet et al. 1993 ; XTE J1550-564, e.g., Smith et al. 1998 ).
The prototype target in the 1980's was A0620-OO, but unfortunately its mass function was close to the maximum mass of a neutron star (f = 3.2±0.2 M®; McClintock and Remillard 1986). It was only in 1992 that a mass function of a candidate black hole in the XRN 1989, GS 2023+338, was found to be much heavier than the maximum mass of a neutron star (f = 6.08 0.06 M® ; Casares et al. 1992 ). Since then, the efforts have been directed toward measuring actual masses, thus producing the first observed mass distribution of black holes (Bailyn et al. 1998; Miller et al. 1998 ; for the theoretical distribution see Fryer 1999) . The determination of the masses of stellar remnants after supernova explosions is essential for an understanding of the late stages of evolution of massive stars. Very recently, the first observational evidence for the progenitor, a supernova or hypernova with a mass > 30M®, that produced : 1996, 1997, 1999) . Figures 1 and 2 show the great improvement that the large aperture of the Kecks offer in comparison to 4-rn-class telescopes in extracting radial velocity curves of the motion of the donor star around the black hole by cross-correlating main-sequence template spectra with the observed spectra.
THE MAIN SEQUENCE COMPANION STAR
The line broadening function affecting the absorption lines of the object spectra consists of the convolution of the instrumental profile (FWHM = 108 km s ) with the rotational broadening profile of the companion star, with further smearing due to changes in the orbital velocity of the companion star during a given exposure. The exposure time for each object spectrum (Texp 2540 mm) resulted in orbital smearing of the lines up to 2lTKcTexp/P, which varies up to 242 km s ; hence, the template spectra were subsequently smeared by the amount corresponding to the orbital motion through convolution with a rectangular profile and the resulting template spectrum was further broadened from 2 to 150 km s by convolution with the Gray (1976) rotational profile. We scaled the blurred template spectrum by a factor 0 < f < 1 to match the absorption-line strengths in the Doppler-corrected average spectrum. Finally, the simulated template spectrum (i.e., smeared and broadened) was subtracted from the Dopplercorrected average spectrum ofNova Oph 1977 and computed the x2 from a smoothed version ofthe residual spectrum. The minimum x2 gives the optimal v sin i, f and spectral type of the companion star (for more details see Harlaftis et al. 1996 Harlaftis et al. , 1997 Harlaftis et al. , 1999 . Figure 3 summarizes the procedure we follow to deconvolve the main-sequence spectrum from the target spectrum.
The spectrum of a M2 V template (BD +44°2051) is shown at the bottom, binned to 124 km s pixels (=4 pixels and similar to the instrumental resolution). This template was then treated so that its line profiles simulate those of the GRO J0422+32 spectra. The smearing in radial velocity due to the orbital line broadening while exposing are applied to individual copies of the M2 template, and these were subsequently averaged using weights identical to those corresponding to the GRO J0422+32 spectra. Next, a rotational broadening profile corresponding to v sin i = 50 km s was applied; the result is the second spectrum from the bottom in Figure 3 . The spectrum above is the Doppler-corrected average of the GRO J0422+32 data in the rest frame of the M2 V template. Finally, the residual spectrum is shown at the top after 0.61 times the simulated M2 V template (f =0.61 0.04 for M2; Table 4 ) was subtracted from the Doppler-shifted average spectrum. The M-star absorption lines and TiO bands are evident in the Doppler-corrected average, and they are almost completely removed by subtraction of the template spectrum (e.g., the Na I D line). Emission from He I )5876 becomes prominent after subtraction of the M2 V template and weak emission from He I A6678 is also present. Note that there is no evidence for Li I .\6708 absorption, to an EW upper limit of 0.13 A (1c) relative to the original continuum, except for GS 2000+25 (see Martin et al. 1994 for lithium in X-ray binaries).
THE MASS RATIO OF THE BLACK HOLE BINARIES
Determination of the mass ratio (from the rotational broadening of the photospheric lines in the companion star) and the inclination (inferred from the ellipsoidal modulations of the companion star), when combined with the mass function, can fully describe the system's parameters and the masses of the binary components. We determined mass ratios for the first time for binaries as faint as 21 mag using the x2 optimization technique described in the previous paragraph to extract the rotational broadening ofthe absorption lines ofthe donor star (q = 0.12±0.08, 0.042±0.012, which is valid since the binary period is so short that the companion star is tidally locked to the black hole. The complete results of the analysis of the Keck data are given in Table 1 . 
THE ACCRETION DISK
The accretion disk in its quiescent state has mainly been undetected so far by X-ray satellites but can be studied in the optical. . 13v projecting the iriiage iii a particular (llrection 0110 obtains the Ho eniission-liio profile as a function of velocity: for example. projecting toward the top results in the profile at orbital phase (1.1). which has a blue-shifted peak. The path in velocity coordinates of' gas streaming from the dwarf K5 secondary star is illustrated. The GS 2000+2i Doppler map shows a bright spot at lie upper left quadrant which results from collision of t lie gas stream with the accretion disk around the black hole. '[lie Nova ()phiuchus 1977 map also shows a trace of an "S"-wave component which, however, is not resolved with clarity. The image was reconstructed h applying Doppler tomography, a niaxiniuni entropy technique. to the phase-resolved spectra, as described by hlarlaftis ct a!. (1996. 1997, 1999) 
